Osmotic tolerance limits and properties of murine spermatozoa.
Osmotic tolerance of spermatozoa is a critical determinant of functional survival after cryopreservation. This study first tested the hypothesis that mouse spermatozoa behave as linear osmometers, using an electronic particle counter to measure the change in sperm volume in response to anisosmotic solutions. The resulting Boyle-van't Hoff plot was linear (r2 = 0.99) from 75 to 1200 mOsmolal and indicates that 60.7% of the total cell volume is osmotically inactive. Next, mouse sperm tolerance to osmotic stress was determined by assessment of plasma membrane integrity, mitochondrial viability, and motility. Each functional endpoint was measured after exposure to anisosmotic solutions and again after return to isosmolality. The dual fluorescent stains-carboxyfluorescein diacetate with propidium iodide and Rhodamine 123 with propidium iodide-were used to determine membrane integrity and functional mitochondria, respectively. Motility was measured by video microscopy in the range of 1-2400 mOsmolal and was further analyzed from 140 to 600 mOsmolal using computer-assisted semen analysis. The data indicate that motility is substantially more sensitive to osmotic stress than either mitochondrial viability or membrane integrity and that mouse spermatozoa should be maintained within 76-124% of their isosmotic volume during cryopreservation in order to maintain > 80% of pretreatment motility.